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Plan L-shaped |_x_|Flat Pyramidal
Structural System Reinforced Concrete | [Monitor Other (specify)
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Integrity Description of Physical Appearance) American Foursquare X__|Other (specify)
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Changes to plan

Changes to windows
Changes to original cladding
Changes to interior ‘unknown
Other (specify)

X
X
X

Vernacular House Types

Gable Front Cross Gable
Gable Front and Wing Pyramidal/Hipped
Side Gable Other (specify)




NARRATIVE SECTION

Study Unit Themes (check one or more of the following)
Agriculture Conservation Politics/Government/Law
Architecture/Landscape Architecture Education Religion
Arts Entertainment/Recreation X _|Science & Engineering
Commerce Ethnic Heritage (specify) Social Movements/Organizations
Communications Health/Medicine Transportation
Community Planning/Development Manufacturing/Industry X _|Other (specify) Cold War Era

Military X _|Study Unit Sub-Theme(s) Chemical Separation;
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Statement of Significance

Date of Construction 1960 Architect/Engineer/Builder General Electric Company

x_|In the opinion of the surveyor, this property appears to meet the criteria of the National Register of Historic Places.
x_|In the opinion of the surveyor, this property is located in a potential historic district (National and/or local).

Although used to perform a variety of experiments on critical mass, the 209-E Building is distinguished from the few similar buildings in the United States by virtue of being the
only such facility where criticality experiments were performed with plutonium solutions. Information obtained from experiments in the Critical Mass Laboratory was used to create
specifications and procedures for the safe and economical shipping, handling, and processing of uranium and plutonium throughout the fuel cycle. The majority of the world's data
on plutonium in solutions was derived from experiments carried out here. Operated by General Electric from the time of its construction in 1960 until 1965, when Pacific
Northwest Laboratories took over its operation, the building was in use until 1988 when it was permanently shut down. During its main operational life, the laboratory typically
housed 10-12 staff people, including scientists, technicians, and craftspeople, who carried out up to 50 nuclear physics experiments per year to study avoidance of accidentally
creating a criticality in operating and storage facilities at the Hanford site and elsewhere.

(See continuation sheet)

Description of Physical Appearance

Located in the central 200 East Area, the Critical Mass Laboratory is an L-shaped, flat-roofed one-story concrete block building with a two-story reinforced concrete reactor hall. The
building and its immediate environs (including a parking area) are surrounded by a perimeter fence, which has a gate at the northeast corner. An unstaffed badge house is situated
to the west of the gate. The northernmost, or service wing, which measures 41 feet 4 inches by 80 feet, houses six offices, restrooms, control room from which experiments could
be remotely conducted, lunch room/office, library, storage room, reproduction room, and a computer room. The southern, or reactor wing, measuring 45 feet by 113 feet, is
comprised of an equipment room, change room, mixing room with glove boxes and a mixing hood, and a two-story reactor hall. Overall, the building comprises 6827 square feet.

(See continuation sheet)
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Statement of Significance, continued

The 209-E Building was the second critical mass facility
built at the Hanford site. The previous one, the 120
Building (P-11 facility) in the 100-F Area, was comprised of
a partly underground laboratory with a control room
overhead in a pre-Manhattan Project farmhouse. The 209-E
Building represented a significant improvement over the

previous, somewhat more make-shift facility in that it was

Building 209-E , East Elevation, 1980 (#7805681-2)

designed specifically to house critical mass experiments
done under exacting safety conditions in a shielded structure. Design work for the building was begun in May,1958 by General Electric’'s Physics
and Instruments Research and Development Department while construction started in April, 1959. The building was basically completed in
March, 1960 but start-up was delayed until 1961 due to the late delivery of the main control panel and instrumentation system. Part of the delay
was devoted to designing equipment for experiments on solid fuels and running safety tests on various pieces of equipment and systems prior to
official start-up.

Many different types of nuclear criticality safety experiments were performed in the 209-E Building, including research on solutions, solids, fuel
elements in lattice assemblies in water and in solutions of fissionable materials. Two hoods were available in the critical assembly room, one of
which was reserved for solutions and one of which was reserved, starting in 1963, for solids. The original plans for the Critical Mass Laboratory
called for an addition to be built later which would house experiments on solid materials. Budget constraints prevented the construction of that
addition but staffers were still able to perform experiments on solids by using one of the two hoods within the reactor cell. Having two hoods was
part of the original plan; the budget cutbacks resulted in reserving one hood for solid experiments and one for solutions experiments.
Experiments done in the “solutions” hood were carried out by placing vessels holding the materials within it. The vessel was very often a 14-inch
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Statement of Significance, continued
diameter metal sphere, used because of the geometric efficiency of the shape. Critical mass depends on geometry. A solution within a cylinder,
for example, will become critical at various levels within the cylinder. Within a sphere, criticality will occur at all places at the same time.

Solutions were also tested within tanks designed to be mounted into the solutions hood.

Although particularly known for experiments on solutions, Critical Mass Laboratory scientists also made significant strides in the area of testing
solids. The “solids” hood enclosed a device known as the “remote split-table machine,” which was designed at the Hanford site. Cubes
containing fuel materials moderated by polystyrene were stacked onto the two portions of the split-table. Neutron flux was measured by moving
the two halves of the table together by remote control at the distance prescribed by parameters established by the experiment design. A sheet of
plastic connecting the lower portions of the two table halves served to keep any cubes which fell from the table from hitting the floor and

depositing contamination.

Experiments were also conducted outside the hoods. For example, barrels of radioactive solutions could be placed together within the reactor
cell to test for safe storage of various quantities in various proximities and arrangements (subcritical neutron multiplication measurements). Also,
fuel elements were placed in storage canisters in a variety of numbers and in different configurations to determine a critical mass safety margin.
Experiments on New Production Reactor coextruded tube-in-tube configuration fuel assemblies fall into this category, as do those conducted for
the United States Department of Energy on fuel assemblies for the Liquid Metal Fast Breeder Reactor Program at the Fast Flux Test Facility.
The former were carried out essentially concurrently with the active life of the building. The latter began in the early 1970s and lasted for about

12 years.
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Statement of Significance, continued

The critical assembly room also contained two rectangular neutron reflector tanks of 600 and 320 gallon capacity, only one of which was used at
a time. During experiments, smaller tanks containing the trial nitric acid solutions of plutonium or uranium (which sometimes included neutron
poisons such as boron, cadmium, and gadolinium) were placed within the larger tanks, with treated or raw water filling the intervening spaces.
The moderator water served as both a neutron reflector and shield. In addition to obtaining the information generated by the specific experiment,
laboratory staff were required to take samples from the reflector water to test for alpha activity which indicates rate of radioactive decay.
Duplicate

samples were tested by the Hanford Environmental Health Foundation. The alpha activity had to be below a certain level in order for the tank to
be drained.

In addition to solving everyday problems for clients at the Hanford site and holding classes on nuclear criticality safety for site workers, the

233 solutions were tested in 209-E in 1966

Critical Mass Laboratory also served clients elsewhere in the United States and abroad. For example, U
at the behest of the United States Navy to develop safe storage procedures for nuclear submarine fuel. The experiments consisted of arranging
solution containers in different arrays, all separated by varying thicknesses of the transparent thermoplastic acrylic resin used as a moderator.
Similarly, procedures were needed by staff at the Rocky Flats nuclear plant to ship and handle plutonium “buttons” in safe proximities. Critical

Mass Laboratory scientists tested the buttons in precisely-machined and polished containers using the split-table machine.

Atomic energy interests in Japan were among the international clientele served. One series of experiments in the mid-1980s on mixed
plutonium-uranium solutions in cylindrical and slab geometries done for the Power Reactor and Nuclear Fuel Development Corporation of Japan

supplied information on what size the nuclear reprocessing equipment could be.



HISTORIC PROPERTY INVENTORY FORM
209-E Critical Mass Laboratory
Continuation Sheet

Statement of Significance, continued

Certain basic safety and security procedures were standard sitewide, but the Critical Mass Laboratory fell into a category of facilities requiring
special treatment because nuclear materials were housed there. The facility had, for instance, its own separate badge house and double rows of
perimeter fencing, which still exist, as well as a now-deactivated alarmed area between the fences. However, among Hanford site facilities
holding special nuclear materials, this one was considered by security experts to be among those least likely to attract saboteurs. An external
review done in 1985 in accordance with the general emphasis in the mid-1980s on assessing and improving security and safeguards in a cost-
effective manner found that the Critical Mass Laboratory was relatively safe from sabotage because of the form and configuration of the special
nuclear materials studied

there. An adversary would be unlikely to find 500 pound fuel assemblies and plutonium in solutions to be attractive targets for theft. A separate
internal study done a year earlier positing a hypothetical criticality accident concluded that the containment capabilities built into the critical

assembly room provided sufficient protection for both the public and laboratory staff, and that no upgrades were needed.

The thousands of critical mass measurement experiments performed in the 209-E Building resulted in a huge amount of data relating to the safe
processing and storage of low-enriched uranium. Experiments on critical mass were needed to arrive at reliable and realistic estimates of how
much critical material could be used or stored in what proximity without compromising nuclear safety. When presented with a real-life problem
from somewhere at the Hanford site or elsewhere, scientists in 209-E made estimates on the appropriate amounts of material and distance and
designed experiments on uranium and plutonium in solutions, plastic matrices, or in solid forms to test their hypotheses. The results of the
experiments did not conclude exactly how many fuel elements, for example, stored in close proximity would result in a criticality, but rather

defined a certain number as being safe.
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Statement of Significance, continued

The nuclear criticality safety information gathered at 209-E is still being used today at the Hanford site toward, for example, safe storage of
irradiated fuel from the N Reactor in the 105 KE and 105 KW basins. The only critical mass laboratory presently operating in the United States is

at the Department of Energy facility at Los Alamos, New Mexico.

The Critical Mass Laboratory is significant under Criterion A, due to the experiments performed there making a substantial and lasting
contribution to the safe processing, fabrication, shipment, and storage of nuclear materials at the Hanford site and elsewhere, and especially for
the work with plutonium and uranium in solutions. Therefore, it is the conclusion of the U.S. Department of Energy that the 209-E Building is
eligible for inclusion in the National Register of Historic Places as a contributing property within the Hanford Site Manhattan Project and Cold

War Era Historic District.
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Description of Physical Appearance, continued

The reactor, or critical assembly room, is constructed of 3 to 5 foot thick concrete walls, and a 2 foot thick concrete roof. The concrete is heavily
reinforced with steel to withstand an explosion of up to three times the amount of force necessary to lift the roof. The interior of the reactor room
has a reinforced fiberglass lining. The reactor room has an air supply system separate from the rest of the building, comprised of a fan with filters,

heating coils, chilled water coils, and a spray chamber. In addition to this special ventilation system, the reactor room has additional fire

Dl

protection systems. The door to the reactor cell was fitted with inflatable
gaskets which totally sealed the room shut. Fail-safes were built in to
ensure that the reactor cell would be inoperable unless the door was

properly sealed, and the negative pressure system in operation.

The two hoods inside the cell sealed in a similar manner, and also had a
lower pressure inside than outside so as to ensure that any spillage would
remain inside the hood for safer clean-up. One hood housed the Solution
Critical System for studying solutions, while the other was generally
reserved for studies of solids using the Remote Split-Table Machine. Also

within the cell was the Critical Experiment Assembly for Experiments on

Interacting Arrays of Fuel Elements in Water (shipping cask type studies).

Building 209-E, Looking North, 1963 (#32993-19)

There were two neutron reflector tanks within the critical assembly room,
both designed to have corrosion-resistant interiors. The larger, or 600 gallon tank, was made of steel with plastic viewing ports. The interior is

coated with enamel paint. The smaller, or 320 gallon tank, was made of stainless steel with glass ports. Used as a receiving, handling, and



experiment preparation facility, the mixing room had a containment hood in which plutonium solutions were prepared for use in the experiments.
The solutions were then remotely pumped from vessels within the hood into the critical assembly room’s slab tanks, in which the fissile solutions
were prevented from reaching criticality by being separated by sheets of cadmium, water, and plastic. The mixing hood also contained a solution
concentrator, in which plutonium nitrate or mixtures of plutonium and

uranium were steam heated to concentrate them for storage and reuse. The control room held controls for remotely operating equipment within

fole!
]

about fuel pins for the Fast Flux Test Facility. These T PIlj
items included a fuel pin lattice test vessel (1975), a fuel :I—-I:-l-_E

— — | P —— — e Ee—

the cell to add solutions to a container within the cell.

There have been no major structural alterations made to
the Critical Mass Laboratory but equipment,

environmental, and security upgrades have resulted in

some modifications. New equipment has been installed
to permit various new types of experiments to take place
or old ones be performed more safely or efficiently, such
as the addition of a new solutions mixing tank in 1984.
Between 1975 and 1986, considerable new equipment

was put in place for making critical mass determinations

pin processing tank (1980), and an annular tank for
testing fuel pins in lattices (circa 1986). Building 209-E, Looking South, 1963 (#32993-20)

Environmental concerns forced changes in the manner in which wastes were drained from the facility to further ensure that neither plutonium or
uranium would be released. Prior to 1984, water used in the neutron reflector tanks as a neutron shield and reflector during criticality
experiments was drained following the procedures through a floor drain into a 2-inch cast iron pipe, and through the laboratory wall into a 60-

gallon capacity
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Description of Physical Appearance, continued

Critically Safe Waste Hold Tank buried outside. From the holdup tank, the water was pumped to the 216-C-7 Crib. In 1984, the floor drains and
drain pipe were sealed. Wastewater was then pumped directly to the 216-C-7 Crib via a new flexible hose drainage system. Drains in the mix
room which had led to the 216-C-7 Crib were also sealed.

Security alterations in the mid-1980s arose out of sitewide concerns regarding improving the cost-effectiveness of systems already in place for
preventing adversaries from obtaining special nuclear materials and installing new systems. Although a study concluded that the Critical Mass
Laboratory was an unlikely target for saboteurs, relative to other facilities at the Hanford site, some suggested upgrades satisfied the screen of
cost-effectiveness. These included the installation of television monitors atop the perimeter fence, lighting upgrades on the north perimeter,
razor

ribbon, sensors and barrier upgrades on the steamline sensors, a fire door to the Critical Assembly Room, and alarm sensors in the badgehouse.

In 1988, operation of the Critical Mass Laboratory ceased. The 209-E Building is now occupied by Waste Mangement Hanford Services who

provide environmental waste operations for the Hanford Site.
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Drawing H-2-33167, 209-E Simplified Building Layout, 1964
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Drawing H-2-44347, Equipment Room, 209-E Critical Mass Laboratory, 1979
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Drawing H-2-44357, Reactor Hood Assembly, 209-E Critical Mass Laboratory, 1959
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